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(54) Radio receiver apparatus of orthogonal detection type comprising local oscillator means 
with improved automatic frequency control arrangement 



(57) In a radio receiver apparatus of an orthogonal 
detection type, a voltage controlled first local oscillator 
generates a first k>cal osdilation signal, and mixers mix 
an inputted reception signal with the first local oscillation 
signal and a 90*" shifted signal thereof, respectively, the 
mixed signals respectively being passed through first 
and second bcind-pass fitters to obtain desired first 
intermediate frequency signals. Further, a second local 
oscillator generates a second local oscillation signal. 
Further mixers mixes the first intermediate frequency 
signals from the first and second band-pass filters with 
the secofKl local osdllatk>n signal and a 90*" shifted sig- 
nal thereof, respectively Then there is calculated either 
one of a sum of and a difference between the resulting 
mixed signals, the cak:ulated signal being passed 
through a third t>and-pass filter to obtain a second inter- 
mediate frequency signal to be demodulated. Further- 
more, an average frequency detector detects an 
average frequency of the second intermediate fre- 
quency signal for a predetermined time interval, and a 
f requerKy correction circuit controls the first k>cal oscil* 
lation frequency of the frst kKal oscillation signal k>ased 
on the detected average frequency 
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Fig. 10 8hows a local oscillator circuit of a prior art for a frequency modulation (FM) radio receiver apparatus. 
Referring to Fig. 10, the local oscillator circuit comprises a time constant circuit 101 and a local oscillator 102. A 
denrtodulation signal outputted from a frequency to voltage converter (referred to as an f A/ converter hereinafter) 100 
functioning as an FM demodulator is inputted to the local oscillator 102 through the time constant circuit 101 comprising 
5 a in-series-connected resistance R and a in-parallel-connected capacitor C. and then the demodulation signal is 
passed through a circuit including a variable capacitance diode VD and a coupling capacitor Cc to a voltage controlled 
oscillator 103. 

In the local osdllata circuit shown in Rg. 10, when the time constant of the time constant circuit 101 is set to a rel- 
atively small value, the frequency of the output signal of the local oscillator 103 is deviated or fluctuated due to a rela- 
10 tively low frequency conponent of the demodulation signal. On the other hand, when the time constant of the time 
constant circuit 101 Is set to a relatively large value, it is possible to reduce of the deviation or fluctuation of the fre- 
quency of the local oscillator 103. however, there is such a problem that it takes a long time to complete an automatic 
frequency control (referred to as an AFC hereinafter) operation from a timing when a power switch is turned on. 

15 SUMMARY OF THE INVENTION 

An essential object of the present invention is therefore to provide a radio receiver apparatus comprising a local 
oscillator with an inproved automatic frequency control arrangement 

Another object of the present invention is to provide a radio receiver apparatus comprising a local oscillator with an 
20 irrproved automatic frequency control arrangement, capable of stately controlling the frequency of the local oscillator 
with an operation time shorter than that of the prior art. 

A further object of the present invention is to provide a radb recover apparatus comprising a local oscillator with 
an improved automatic frequency control anangement. capable of stably controlling the frequency of the local oscillator 
without any influence of a frequerKy drift of the local oscillation. 
25 In order to achieve the aforementioned objective, according to one aspect of the present invention, there is provided 
a radio receiver apparatus of an orthogonal detection type, comprising: 

voltage controlled first local oscillator means for generating a first local oscillation signal having a first local oscil- 
lation frequency, which is changed in response to an inputted voltage: 

first phase shifter means for shifting a phase of the first local oscillation signal generated by said first local osdl- 
30 lator means by 90 degrees, and outputting a phase-shifted first local oscillation signal; 

first mixer means for mixing an inputted reception signal witii the first local oscillation signal generated by said 
first local oscillator means, and outputting a resufting mixed signal; 

first band-pass filter means for passing tiieretiirough a desired first intermediate frequency signal having a pre- 
determined first intermediate frequency in response to the mixed signal outputted from said first mixer means, and out- 
35 putting the first intermediate frequency signal; 

second mixer means for mixing tiie inputted reception signal with tiie phase-shifted first local oscillation signal 
outputted from said first phase shifter means, and outputting another resufting mixed signal; 

second band-pass fitter means for passing therethrough anotti^ desired first intermediate frequency signal hav- 
ing the first intermediate frequency in response to the mixed signal outputted from said second mixer means, and out- 
40 putting another f ir&t intermediate frequer)cy signal; 

second local oscillator means for g^erating a second local oscillation signal having a second local oscillation 
frequency; 

second phase shifter means for shifting a phase of the second local oscillation signal generated by said second 
local oscillator means by 90 degrees, and outputting a phase-shifted second local oscillation signal; 
45 third mixer nteans for mixing the first intermecKate frequency signal outputted from said first band-pass fitter 

means wtth the second local oscillation signal outputted from said second local oscillator means, and outputting a 
resufting mixed signal; 

fourth mixer means for mixing the arK)ther first intermediate frequency signal outputted from said second barxl- 
pass filter means wtth the phase-shifted second local oscillation signal outputted from said phase shifter means, and 
so outputting a further resuftir^ mixed signal; 

calculation means for calculating either one of a sum of and a difference between the resufting mixed signal out- 
putted from said third mixer means arxi the further resutting mixed signal, and outputting a signal representing a result- 
ing calculated resutt thereof; 

third band-pass filter n>eans for passing tiierethrough a second intermediate frequency signal having a center 
55 frequency which is apart from the second local oscillation frequency by a difference frequency between a frequency of 
the inputted reception signal and the first local oscillation frequency, in resp6nse to tiie signal outputted from said cal- 
culation means. arxJ outputting the second intermediate frequency si^al; 

demodulation mear^ for demodulating tiie second intermediate frequ^cy signal outputted from said third band- 
pass fitter means, and outputting a resufting demodulated signal; 
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Rg. 2 is a block diagram of a radio receiver apparatus of an orthogonal detection type according to a first preferred 
embodiment of the present invention; 

Rg. 3 is a block diagram of a radio receiver apparatus of an orthogonal detection type accorcGng to a second pre- 
tended embodiment of the present invention; 

Rg. 4 is a block diagram of a radio receiver apparatus of an orthogonal detection type according to a third preferred 
embodiment of the present invention; 

Rg. 5 is a block diagram of switch circuits 5 and 12 shown in Rgs. 2, 3 and 4; 

Fig. 6 is a block diagram of a second local oscillator 10 and a 90** phase shifter 1 1 shown in Rgs. 2, 3 and 4; 

Rg. 7 is a block diagram of a frequency to voltage converter 1 6 shown in Rgs. 2. 3 and 4; 

Rg. 8 is a timing chart showing an operation of the frequency to voltage converter 16 shown in Rg. 7; 

Fig. 9 is a timing diart showing an operation of the switch circuits 5 and 12 shown in Rg. 5; 

Fig. 1 0 is a local oscillator circuit of a prior art; 

Fig. 1 lis a block diagram of a level detector 1 7 and a number of pulses measurement circuit 1 8 shown in Fig. 2 ; 

Rg. 1 2 is a tslock diagram of a time interval measurement circuit 22 shown in Rg. 3; 

Rg. 1 3 is a block diagram of a modified switch circuit of a further preferred embodiment; and 

Fig. 14 is a t)lock diagram of another modified switch circuit of a still further preferred embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments according to the present invention will be described below with reference to the 
attached drawings. 

FIRST PREFERRED EMBODIMENT 

Rg. 2 shows a radio receiver apparatus of an orthogonal detection type according to a first preferred embodiment 
of the present invention. 

Referring to Rg. 2. a radio signal is received by an antenna 1 . and the received radio signal is inputted through a 
high-frequency low-noise amplifier 2 to a mixer 3 and another mixer 8. 

In the preferred embodiment, the desired radio signal D to be received by the antenna 1 is expressed by the follow- 
ing equation (1): 



where <o is an angular frequency of a carrier wave, and Aa> is an angular frequency deviation having Ixrth positive 
and negative polarities. The angular frequency deviation Aoo changes in time depending on data or a speech signal, 
namely, a earner wave signal of the desired radio signal D is nxxjulated at a transmitter according to data or a speech 
signal to be transmitted. In other words, the desired radio signal D is a frequency-modulated signal, i.e.. FM signal. In 
the case of data to k)e transmitted, the desired radio signal D is an FSK signal. Please note that the angular frequency 
(D of the earner wave signal is the center frequency of the desired signal D. 

A voltage coritrolled first kxal oscillator 6 generates a sine-wave first local oscillatton signal LQ expressed by the 
following equation (2) and then outputs the first local oscillation signal LQ to the mixer 3 and the 90** phase shifter 7: 



where "x" represents an angular shift frequency from the angular frequency <d of the canier wave signal, and is 
the first intermediate frequency in the present preferred embodiment In a 90** phase shifter 7, the phase of the signal 
LQ outputted from the kxjal oscfllator 6 is shifted by 90 degrees, and then the 90* phase shifter 7 outputs a phase- 
shifted first local oscillation signal LQa = sin(oi) + x) • t to the mixer 8. 

Consequently, there are respectively generated following signals by the mixers 3 and 8; 

(a) Output of the mixer 3: 



D = cos(co + Aa))*t 



(1). 



LQ = cos(<D + x) • t 



(2), 



0 X LO s cos(A(D - x) • t 



(3). 



and 



(b) Output of the mixer 8: 



D X LQa = sin(Afi> - x) • t 



(4). 



5 



0723335A1J_> 




EP0 723 335 A1 



In the preferred embodiment since such a condition of (r + x) > | A<o| is set as described above, the phase of the 
equation (10) is always positive in the positive time. In other words, no negative frequency is generated in the preferred 
embodiment. Therefore, as is apparent from the atxDve-merrtioned equation (10). the output signal outputted from the 
third k>and-pass fitter 1 4 can be regarded as such a frequency-modulated signal obtained when the carrier wave signal 
having an angular frequency of (r + x) is frequency-nxxlulated with a frequency deviation of Aa\ wherein the angular 
frequency (r + x) is the second intermediate frequency in the present preferred emtodimert. Therefore, the atxjve-men- 
tioned frequency-modulated signal outputted from the third band-pass filter 14 can be denrxxJUated by a f/V converter 
16 which generates an output voltage proportional to the frequency of the inputted signal. 

In the preferred embodiment, the signal outputted from the third band-pass fUter 14 is inputted through a pulse 
waveform shaping circuit 15 for shaping the waveform of the inputted signal into a pube waveform to the t/V converter 
1 6. Further, a noise elimination process is performed on a demodulated signal outputted from the 1/V converter 1 6 by a 
noise elimination circuit 20 for removing pulse noises which may be caused due to the FM denrxxlulation in the FM 
demodulation process of the f/V converter 16. and thereafter, the processed demodulated signal fe outputted from the 
noise elimination circuit 20. 

Since the third band-pass filter 14 has a relatively low tiand-pass center frequency of akxjut 22.25 kHz, the t>and- 
pass filter 14 can be easily implemented by a monofithic IC. Further, the other devices or circuits handle such low fre- 
quencies, and therefore the other devices or circuits can be implemented by nnonolithic ICs. 

In the case where the following undesired interference signal U is received by the antenna 1 : 

U«OOS(a) + 2x+ Aa))-t (11). 

Then, there are generated in the radio receiver apparatus shown in Fig. 2, tiie 1 and Q signals, respectively, 
expressed by the following equations: 

25 (a) I signal : 

UxLQ = cos(AG) + x)*t (12), 

and 

30 (b) Q signal : 

U X LQa = sin(Aa> + x) • t (13). 

The above interference signals are generated within the same bandwidth of the t>and-pass filters 4 and 9, as those 
35 of the desired signals in the I and Q signals, and therefore, the undesired interference signal can not be renxsved by the 
first and second band-pass fitters 4 and 9. However, in this case, the calculation circuit 13 outputs the following signal: 

cosI{(r - X) - Aco} • f] - (173) • cos[{(3 • r + x) + A©} • t] +... (14). 

40 The frequency band of the undesired interference signal U expressed by the equation (14) is obviously different 
from the frequency l>and of the desired signal D expressed by the atxsve-mentioned equation (9). Therefore, the signal 
of the above equation (1 4) generated due to the undesired interference signal is removed by the third band-pass filter 
14 which is designed so as to pass only the signal around the center frequency (r + )0 = 22.25 kHz theretiirough. and 
then, consequentty no undesired interference signal is generated in the output terminal of ttie third t>and-pass filter 14. 

45 In above-mentioned preferred embodiment of the present invention, it has been descrO^ that the I arxj Q signals 
have the same signal level. However, when there is a difference t>etween the signal levels of the I and Q signals due to 
a variation of circuits, there is generated at the output terminal of the calculation circuit 13. a signal having the same 
frequency t>and as that expressed by the above-mentioned equation (9) due to the undesired interference signal U. In 
view of the above, by providing a level adjustment circuit or level attenuator (not shown) for adjusting tiie signal levels 

so of the I and Q signals so as to cancel tiie undesired interference signal component generated within the frequency band 
expressed by the above-mentioned equation (9), there can be consti-ucted a receiver apparatus less susceptible to tiie 
interference. In stead of such a level attenuator, ttiere may l>e provided a gain-adjustable intermediate frequency ampli- 
fier 4a or da as the intermediate frequency ampTifier 4a or 9a. 

Furtiier. depending on the switch oonstruction of the first and second switch circuits 5 and 1 2. a signal component 

55 having an angular frequency "r" may be called in the output terminals of the switch circuits 5 and 12. In the atxave- 
mentioned case, as shown in Fig. 13, the rectangular-wave second local oscillation signal outputted from the second 
local oscillator 10 may be added by an adder circuit 140 through a level attenuator 141 to the output signal of the first 
switch circuit 5 or tfie second switch circuit 12 so as to cancel the signal component having the angular frequency V. 
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therebetween. Then, the control vottage controls the oscillation frequency of the first local oscillator 6. and then the 
average frequency of a second irrtermediate frequency signal outputted from the third band-pass f3ter 14 is made to be 
approximately 16 kHz. 

The above-mentioned frequency correction operation will be described in more detail below. 

5 Here is now considered a case where the oscillation frequency of the first local oscillator 6 is shifted by 3 kHz from 

the frequency of the canier wave signal of the FSK modulation or FM signal received by the antenna 1. In this case, the 
center frequency of the second intermediate frequency signal outputted from the third band-pass filter 14 is shifted by 
3 kHz from 16 kHz to become 19 kHz. The number of pulses measurement circuit 18 measures the 19-kHz second 
intermediate frequency signal pulses ftx 1 0 milliseconds, and therefore 1 90 pulses may be counted. On the other hand, 

10 a reference number of pulses of 160 pulses is stored in this case, and therefore a difference of 30 is generated by the 
frequency correction circuit 19, which then generates and outputs a DC voltage corresponding to the differerKe of 30 
through a cfigital to analogue conversion process to the first local oscillator 6, thereby controlling the first local oscillator 
6 so that the center frequency of the second intermediate frequency signal outputted from the third band-pass filter 14 
becomes approximately 16 kHz. 

75 In the present preferred embodiment, the pulse waveform shaping circuit 1 5 and the time interval measurement cir- 
cuit 22 constitute an average frequency detecting circuit for detecting an average frequency of the second intermediate 
frequency signal outputted from the third band-pass fitter 14. 

In the case of an FSK radio receiver apparatus, the radio receiver apparatus is intermittently turned on for a short 
time of about 20 milliseconds at a predetermined interval, e.g.. a time interval of 30 seconds. When no high-level signal 

20 is generated from the level detector 1 7 while the power is supplied to the radio receiver apparatus, it is determined that 
no signal is transmitted from the other party for communications, and the supply of power is stopped for the next time 
intenral of 30 seconds. When the high-level signal is generated by the level detector 17. the supply of power is contin- 
ued, and the number of pulses measurement circuit 18 measures the number of pulses. The above-menttoned tech- 
nique is to operate the FSK radio receiver apparatus using a kxattery for a relatively tong time. 

25 The synchronizing operation of transrrussion and reception of the FSK signal with the other party of communica- 
tfons performed every 30 seconds can t>e achieved in such a manner that one party surely transnrvts the FSK signal 
every 1 0 minutes, and the other party receives the transmitted radfo FSK signal to synchronize the dock with that of the 
party which transmits the FSK signal. For the above-mentioned purpose, it is possible to perform the levd detection at 
a signal portion or signal interval modulated with a bit synchronizalion signal in the FSK modutertfon signal from the 

30 other party for communications and to count the number of pulses. 

It is to be noted that the frequency correction circuit 19 can be simply implemented by. for example, a storage unit 
for storing the reference nurrti^er of pulses and a microcomputer having a digital to analogue conversion function. 
Fig. 7 shows an exemplified consfruction of the converter 16. 

Referring to Fig. 7, the W converter 16 comprises an edge detector 42. a monostaWe muttivixator 43 and a low- 
35 pass fitter 44. The pulse signal outputted from the pulse waveform shaping circutt 1 5 is inputted to the edge detector 42. 
Fig. 8 shows a timing chart of respective signals Sa, Sb. Sc and Sd shown in Fig. 7, wherein Sa denotes the pulse 
signal outputted froni the pulse waveform shaping drcurt 15 to the edge d^ector 42, Sb denotes a signal is inputted 
from the edge detector 42 to the nwnostaWe nuittivibrator 43. Sc denotes a pulse signal inputted from the monostable 
muttivibrator 43 to the low-pass fitter 44, and Sd is a signal outputted from the tow-pass fitter 44 to the noise elimination 
40 circutt 20. 

Referring to Figs. 7 and 8, a leading edge of the inputted intermediate frequency pulse Sa is detected by the edge 
detector 42. which then outputs a impulse signal representing the timing of the leading edge of the signal Sa to the mon- 
ostable muttivtorator 43. The detected leading edge represented by the impulse signal Sb activates the monostable 
muttivtorator 43. vtrtiich then outputs a pulse signal Sc having a constant pulse width to the low-pass fitter 44. Thereafter. 
45 the low-pass fitter 44 perfomis a low-pass tittering process on the inputted pulse signal Sc to output a frequency-to-vott- 
age-converted or demodulated signal. 

The signal outputted from the nwnostat^le muttivtorator 43 is a pulse signal having .the same frequency as that of 
the intermediate frequency pidse signal Sa outputted from the pulse waveform shaping circutt 15. Therefore, the circuit 
covering up to the nrx)nostable muttivibrator 43 is regarded as the pidse waveform shaping circutt 15. and then the out- 
50 put signal from the monostable nujftivibrator 43 can be inputted to the numl>er of pulses measucement circutt 1 8 shown 
in Fig. 2 or a time interval measurement drcurt 22 shown in Fig. 3 which will be described in detail later. 

Atthough the above has descrit>ed that the edge detector 42 detects only the leading edge of the second interme- 
diate frequency signal Sa, the present invention is not limrted to this. The detector may detect both the leading edge and 
the trailing edge of the second intermediate frequency signal Sa. In this case, the output frequency of the nfK)nostable 
55 muttivtorator 43 is twice as high as tfiat of the second intermediate frequency signal Sa. Therefore, when the circuit cov- 
ering up to the nK)nostable muttivibrator 43 is regarded as the pulse waVeform shaping circutt 15, tt is required to 
change operation constants such as the reference number of pulses and the nunrtoer of pulses, with respect to the 
pulses measurement circutt 18, the time interval measurement circuit 22, and the frequency correction drcurt 19, taking 
into consideration the fact that the frequency is doubled. 
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Fig. 12 shows a composition of the time interval measurement circuit 22 shown in Fig. 3. Referring to Rg. 1 2, the 
time interval measurement circuit 22 comprises a counter 130. a 10 milliseconds timer 131, and a latch circuit 132. The 
high-level signal outputted from the level detector 1 7 is inputted to an enable input terminal ENABLE of the counter 1 30. 
whereas the pulse signal outputted from the pulse waveform shaping circuit 15 is inputted to a clock input terminal 

5 CLOCK of the counter 130. 

When the output signal from the level detector 17 t>ecomes a high level, the counter 130 is started to count the 
pulses outputted from the pulse waveform shaping circuit 15. Thereafter, the counter 130 has counted 160 pulses, and 
then generates and outputs a carry signal to the latch circuit 132. On the other hand, the tima- 131 is activated to be 
started to count a time interval having been passed from a timing when the output signals from the level detector 17 

10 becomes a high level so as to output data representing the counted time to the latch drcu'it 132. When the counter 1 30 
generates the carry signal, the time data is latched by the latch circuit 1 32. and then is outputted to the frequency cor- 
rection circuit 19. 

In the present preferred embodiment upon detecting the foct that an FSK modulation signal is inputted to the 
antenna 1. the level detector 17 outputs the high-level signal. The high-level signal activates the counter 130 arxl the 

IS timer 131 of the time interval measurement circuit 22. Then the counter 130 counts or measures a time interval from a 
timing when the counter 130 is activated to a timing when the nunrber of pulses of the second intermediate frequency 
signal reaches, for example. 160. When the center frequency of the second intermediate frequency signal is 16 kHz, 
the time interval measured by the counter 1 30 is 1 0 milliseconds. When the center frequency of the second intermedi- 
ate frequency signal is 19 kHz. the time interval measured by the timer 131 of time interval measurement circuit 22 is 

20 8.42 milliseconds. 

The time data measured by the timer 131 of the time interval measurement circuit 22 is inputted through the latch 
circuit 1 32 to the frequency correction circuit 1 9. The frequency correction circuit 1 9. which stores a predetermined ref- 
erence time interval of 10 milliseconds, calculates a time difference between the reference time interval and the inputted 
time data. When the inputted time data is 1 0 milliseconds, the time difference is zero, and therefore no frequency cor- 

25 rection operation is performed. On the other hand, wh&i the inputted time data is 8.42 milltseconds, the time difference 
is 1 .58 milliseconds, and therefore a control voltage corresponding to 1 .58 milliseconds is outputted. Then the oscilla- 
tion frequency of the first local oscillator 6 is controlled so that the frequency of the second intermediate frequoicy sig- 
nal outputted from the third band-pass filter 14 is made to be approximately 16 kHz in response to the control voltage 
outputted from the frequerx;y correction drcurt 19. 

30 An advantageous effect of the prefenred embodiment shown in Fig. 3 is that the measurement accuracy of the 
center frequency of the second intermediate frequency signal outputted from the tNrd band-pass filter 14 can be 
improved to albw the frequency correction operation to be performed more accurately by increasing the accuracy of the 
timer 131 included in time interval measurement circuit 22. 

The above-mentioned other modifications in the first preferred embodiment can be applied to tiie second preferred 

35 embodiment, and the other advantageous effects in the first preferred embodiment can be otrtained also in the second 
preferred embodiment 

THIRD PREFERRED EMBODIMENT 

40 Fig. 4 shows a composition of a radio receiver apparatus of an orthogonal detection type according to a third pre- 
fen-ed embodiment of the present invention. The present preferred emt)odiment of the present invention will be 
descrft^ed below with refer^ice to Rg. 4. 

In Fig. 4. components having the same functions as those of the components shown in Fig. 2 are denoted by the 
same reference numerals. The present preferred embodiment of the present invention shown m Rg. 4 differs from the 

45 preferred emkxxliment of the present invention shown in Fig. 2, in that tfiere is provided in the third preferred emtxxli- 
ment, an average voltage detector 23 for detecting a voltage output con-esponding to the frequency of the second inter- 
mediate frequency signal in the f/V converter 16. averaging the detected vohage for a predeterrhined interval. arKi 
outputting the resulting average voltage data, instead of the number of pulses measurement circuit 1 8 shown in Rg. 2. 
In the present preferred embodiment the f/V converter 16 and the average voltage detector 23 constitute an aver-_ 

so age frequency detection circuit for detecting an average frequency of the second intermediate frequency signal output- 
ted from the third band-pass f ttter 1 4. 

Upon detecting the fact that an FSK nxxJulation sigrtal is inputted to the antenna 1, the level detector 17 outputs 
the^high-level signal. The Ngh^evel signal activates the average vottajge detector 23. The average voltage detector 23 
averages the voltage for. for example, 10 milliseconds from a timing when the average voHage detector 23 is activated. 

55 On the other hand, the f/V converter 1 6 outputs a voltage proportional to the frequency off the inputted signal from the 
pulse waveform shaping circuit 1 5. For example, when the frequency of the intennediate frequency of the signal input- 
ted to t/V converter 1 6 is 1 6 kHz , the output of the f/V converter 1 6 changes by 0. 1 volts every time when the frequency 
changes t>y 1 kHz. Therefore, wtien the frequency of the intermediate frequency is 1 9 kHz, an output voltage of 1 .3 volts 
is generated and outputted from the t/V converter 1 6. The voltage data averaged by the average voltage detector 23 is 
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the gas meter, there is required a small size radio receiver apparatus vvhich can operate on a battery for about ten 
years. 

tn a radio type remote control apparatus for use in a residential facility system, such as a remote control apparatus 
for wirelessly connecting a gas hot-water supply apparatus with a kitchen, being not limited to the automatic meter 
5 inspection system, the small size and the t>attery based operation are indispensatile conditions. 

The present invention can provide a radio receiver apparatus very effective in regard to the above-mentioned prob- 
lem. 

Although the present invention has been fully described by way of example with reference to the accompanying 
drawings, it is to be noted here that various changes and modifications will be apparent to those skilled in the art. There- 
in fore, unless otherwise such changes and modifications depart from the scope of the present inventon as defined by the 
appended claims, they shoukl be cortstrued as included therein. 

Claims 

15 1 . A radio receiver apparatus of an orthogonal detection type, comprising: 

voltage controlled first local oscillator means for generating a first kx;al oscillation signal having a first local 
oscillation frequency, which is changed in response to an inputted voltage; 

first phase shifter means for shifting a phase of the first local oscillation signal generated by said first local 
oscillator means by 90 degrees, and outputting a phase-shifted first local oscillation signal; 
20 first nnixer means for mixing an inputted reception signal with the first local oscillation signal generated by 

said first local oscillator means, and outputting a resulting mixed signal: 

first band-pass filter means for passing therethrough a desired first intermediate frequency signal having a 
predetermined first intermediate frequency in response to the mixed signal outputted from said first n^xer means, 
and outputting the first intermedate frequency signal; 
25 second mixer means for rraxing the inputted reception signal with the phase-shifted first local oscillation sig- 

nal outputted from said first phase shifter means, and outputting another resulting mixed signal; 

second band-pass filter means for passing therethrough another desired first intermediate frequency signal 
having the first intermediate frequency in response to the mixed signal outputted from said second mixer means, 
and outputting another first intermediate frequency signal ; 
30 second local oscillator means for generating a second local oscillation signal having a second local oscilla- 

tion frequency; 

second phase shifter means for shifting a phase of the second kx^al oscOlation signal generated by said sec- 
ond local oscillator means by 90 degrees, and outputting a phase-s^vfted second local oscillation signal; 

third mixer means for mixing the first intermediate frequency signal outputted from said first band-pass filter 
35 means with the second local oscillation signal outputted from said second local oscillator means, and outputting a 
resulting mixed signal; 

fourth mixer means for mixing the another first intermediate frequency signal outputted from said second 
band-pass filter means with the phase-shifted second local oscillation signal outputted from said phase shifter 
means, and outputting a further resulting mixed signal; 
40 cafcutation means for calculating either one of a sum of and a differerx^e between the resulting mixed signal 

outputted from said third mixer means and the further resulting mixed signal, and outputting a signal representing 
a resulting calculated result thereof; 

third band-pass filter means for passing therethrough a second intermediate frequency signal having a 
center frequency which is apart from the second kx^l oscillation frequency by a difference frequency between a 
45 frequency of the inputted reception signal and the first local oscillatk>n frequency, in response to the signal output- 
ted from said calculation means, and outputting the secorxl intermecfiate frequency signal; 

demodulation means for denxxiulating the second intermediate frequency signal outputted from said third 
bandisass filter means, and outputting a resulting denfKXfuiated signal; 

average frequency detectkxi means for detecting an average frequency of the second intermediate fre- 
50 quency signal outputted from said third t^and-pass fitter means for a predetermined time interval; and 

frequency correction means for controlling the first local oscillation frequency of the first local oscillation sig- 
nal generated by said first local oscillator means so that a difference t>etween the average frequency detected by 
said average frequency detection means and a predetermined frequency corresponding to a center frequency of 
the second intermediate frequency signal becomes substantially zero. 

55 

2. The radio receiver apparatus as claimed in Claim 1 . 

wherein said average frequency detection means comprises: 

pulse waveform shaping means for converting the second interniediate frequency signal into a pulse signal 
and outputting the pulse signal; and 
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